The increase in dark C02 fixation during cold storage of Gladiolus x gandavensis van Houtte-type grandiflorus cormels is used to monitor changes in their state of dormancy. Dark fixation is also promoted by benzyladenine, which breaks cormel dormancy, and is inhibited by abscisic acid and gibberellin A3, which inhibit cormel germination. experiments were performed with the highly dormant cultivar Texas. The cormels were harvested dormant and stored at either 25 C to maintain dormancy or at 6 C for various periods as indicated. Germination tests were carried out at regular intervals as described earlier (5). Viability was above 90%.
nondormant cormels is also promoted by imbibition in water. The fate of the labeled assimilates was followed by ion exchange chromatography.
Dormancy of gladiolus cormels is broken by a cold thermoperiodic treatment that lasts several months. The present studies were aimed at detecting possible physiological changes that may occur in the cormels during this period and relating them to the cormels' state of dormancy. Treatments that affect cormel dormancy also affect dark CO2 fixation. Cold storage, which is the common horticultural practice for dormancy breaking, and treatment with BA promote dark fixation, and treatment with ABA, which is the major natural germination inhibitor in the cormels (5) , inhibits it. Though dark fixation is a process of marginal importance in the cormels, by which they restore some 2% of the carbon lost by respiration, this process may be conveniently used as an experimental tool to monitor early physiological changes during dormancy breaking by cold treatment, and to detect responses to BA and ABA a significant period before germination can be observed. Intact cormels were used in these studies in a way that did not alter their natural activities. Since CO2 is initially trapped into Krebs cycle acids, the activity of basic metabolic pathways during the break of dormancy may also be estimated by following the fate of labeled CO2. experiments were performed with the highly dormant cultivar Texas. The cormels were harvested dormant and stored at either 25 C to maintain dormancy or at 6 C for various periods as indicated. Germination tests were carried out at regular intervals as described earlier (5). Viability was above 90%.
MATERIALS AND METHODS
Chemicals. "C sodium bicarbonate (60 mCi/mmole) was purchased from the Radiochemical Center, Amersham, and BA from Sigma; ABA was a gift from Hoffman-LaRoche Inc., Basle.
Determination of Dark Fixation. Ten cormels weighing about 2 g (fresh weight) were descaled manually and put into a 500-ml flask with ground glass edges. A test tube with ground glass edges and two openings-one into the flask and one to the exterior-was fitted into the flask to seal it hermetically. Radioactive bicarbonate was pipetted into the tube. The tube was sealed with a rubber stopper, and 50% H2SO, was injected into it to liberate CO2. The cormels were incubated at 25 C, normally for 24 hr. Dark fixation was measured stoichiometrically in these experiments when the activity of "CO2 was varied between 10 to 40 ,uCi per flask. Light did not affect the process. The labeling was stopped by opening the flasks in a hood. The cormels were dried in a force-ventilated oven at 70 C for 48 hr, weighed, and oxidized in a Packard TriCarb sample oxidizer. Total radioactivity was determined for each cormel separately by scintillation counting. Each experiment was repeated at least three times.
Extraction and Fractionation of Radioactive Assimilates. Labeled cormels were ground three times in 80% methanol and then twice in 40% methanol in a Sorvall Omnimixer at full speed for 3 min. The filtrates were combined, reduced to a small volume at 40 C under reduced pressure, and the pH was adjusted to 6. The sample was passed through a 1 X 10 cm column of Dowex 50wx8, HCI form, to separate the amino acid fraction, and then through a 1 X 10 cm column of Dowex 1, formate form, to separate the organic acid fraction. The neutral fraction was collected in water. Amino acids were eluted with 4 N ammonium hydroxide and organic acids with 6 N formic acid. All fractions were reduced to a small volume and samples were taken for scintillation counting in Bray solution (4).
Measurement of CO. Output. One to five g of cormels were sealed in 35-ml tubes with rubber stoppers and incubated at 25 C for different periods of time. Two-ml aliquots of the atmosphere above the samples were injected into a GowMac gas chromatograph equipped with a thermal conductivity detector. CO2 was retarded by a 0.6 X 90 cm column of Poropack Q. Helium was used as a carrier gas at a flow rate of 70 ml' min-'.
RESSULTS
Comparison of Different Cultivars. Dark fixation by cormels of four cultivars differing in their dormancy was compared. Cormels were either dormant, i.e. stored at 25 C, or nondormant, i.e. stored for at least 12 weeks at 6 C. Ten cormels of each treatment were incubated for 24 hr at 25 C in "CO2 and oxidized individually to measure total radioactivity. Table  I shows that there was an increase in dark fixation after dormancy was broken. This increase was greater in the highly dormant varieties.
Rate Measurements. The standard technique in these experiments was to release 7.3 jug of "CO2 from bicarbonate into a 500-ml flask. This way, "CO,2 was initially diluted 1:40 in the flask atmosphere which contained 30 jug of cold CO2. It was further diluted by CO, output due to respiration, at a rate Figure 1A . These data were corrected for the dilution and replotted in Figure 1B . (Table II) .
Sterilization. The possibility that these measurements were affected by microorganisms was checked by surface sterilization of the cormels with 1% sodium hypochlorite for 15 No differences were observed between control and sterilized cormels (data not shown). The possibility still exists that internally located microorganisms contribute to these measurements. The more common infections encountered in gladiolus corms are caused by fungi such as Fusarium. However, the activity of these microorganisms increases with temperature, whereas the rate of dark fixation of the cold-stored material was 5-fold that of the material stored at 25 C. Also, it is unlikely that the activity of microorganisms would be affected by BA and ABA, as shown in the following experiments.
Distribution of Label. Cormels were incubated in '4CO2 for 24 hr and then cut transversely into three unequal segments. The apical and basal segments weighed 10 to 30 mg each (fresh weight), and the middle segment weighed 100 to 300 mg. As shown in Table III , the apical and basal segments accumulated more radioactivity than the central part. The basal part of the cormels produced roots during germination, sometimes before shoot germination was observed. This result does not necessarily mean that more CO, was fixed by these regions, but may mean that they merely constitute more active sinks for assimilates. Dark fixation by the main bulk of the tissue appears to be considerable. If the cormels were cut before incubation, the amount of incorporated label was much higher (Table III) . The higher incorporation by the apical and basal parts of the dormant cormels is particularly remarkable. Assuming that wound and equilibration effects are similar in both types of cormels, the idea that the main bulk of the tissue inhibits label accumulation by the apex and base appears worthy of consideration.
Correlation between Changes in Dark Fixation and Changes in State of Dormancy during Period of Cold Storage. Dark fixation was followed by the standard technique (24 hr incubation of 10 cormels in 500-ml flasks containing 10 ,uCi of 4CO2) at weekly intervals throughout the period of cold storage. In parallel, 2 lots of 50 cormels each were germinated at weekly intervals in Petri dishes. Rates of germination and of label accumulation are plotted against period of cold storage in Figure 2 . During the first 4 weeks of the cold treatment less than 10% germination was observed 1 month after planting. During the 5th week in the cold there was a sharp increase in germination rate. Fifty per cent germination was observed 12 days after planting. This increase in germination rate was preceded by a period of increase in dark fixation and was followed by a period of leveling down in its rate. Germination rate increased slowly between the 5th and 21st week in the cold, at which time there was an abrupt and complete break of dormancy. At this time shoots are visible to the naked eye before imbibition and there is a change in the cormels' sensitivity to ethylene (6) . This second period of sharp changes in dormancy was also preceded by a period of increase in dark fixation-between the 8th and 13th week in the cold. Afterwards there is no further increase in dark fixation even if the cormels are kept in the cold for indefinite periods (Fig. 2) .
Effect of Hormones. These experiments differ from all the previously reported ones, since the cormels have to be imbibed in hormone solutions, and imbibition by itself affects dark fixation, particularly in nondormant cormels (Table IV) . The cytokinin BA promoted dark fixation in both dormant and nondormant cormels. A response to the hormone may be detected after 2 hr of soaking. It is saturated for the nondormant cormels below 0.1 ,uM, but maximal response for the dormant cormels was detected at 0.1 mm. The response after 24 hr of exposure to the hormone was only double that after the 2-hr exposure. ABA and GA inhibit dark fixation by 10 to 20% in both dormant and nondormant cormels. IAA and CEPA2 did not affect dark fixation. The results, other than those for CEPA, are in agreement with the effect of these hormones on cormel germination (5, 6). in both dormant and nondormant cormels by incubating lots of 2 g in 50-ml flasks for 6 hr at 25 C. Fifty puCi of 14C02 were liberated in the flasks. Immediately after incubation the cormels were transferred to 80% methanol. After extraction the samples were separated by ion exchange chromatography into amino acid, organic acid, and neutral fractions. It may be observed (Table V) that the amount of label accumulated by the nondormant cormels is roughly 2.5 times that accumulated by the dormant ones. This ratio agrees with earlier experiments in which total radioactivity was estimated by oxidation. Roughly 82% of the label was found in organic acids in both dormant and nondormant cormels. The rest was divided, at a ratio of 8: 1, between the amino acids and neutral fraction.
Rates of CO2 Output. plained by the need for a minimal threshold amount of an essential stimulus to be accumulated in tissues during the treatment, in order to elicit a morphogenetic change. In gladiolus cormels changes leading to the breaking of dormancy take place weeks before the thermoperiodic requirement is satisfied. Evidently, the cold treatment induces in the cormels changes more complex than the mere change in the content of a stimulus, though such changes in the level of ABA were also demonstrated in earlier work (5) . Tissues can be made more responsive to a stimulus once the thermoperiodic requirement to its formation is satisfied by (a) specific reactions leading to an increased sensitivity of the tissue to a hormone (7, 9, 15) , or (b) less specific reactions leading to a more efficient utilization of the products of the primary reactions. 
